ARB No. 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

WARTIME REPORT 

ORIGINALLY ISSUED 

August IS^Z as 
Mvance Bestrlcted Beport 3H23 

>nMD-TUHHEL mYESTiaATICH OF A FULL-SPAK KEOBACTABLE 
FLAP IN COMBINATICII WITH FOIi-SPAR PLAIK iWD 
INTE39IALLY BALANCED AILERGNS GR: A TAPERED WING 
By F. M. Eogallo, John G. Lowiy, and Jack Fischel 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 




, , WASHINGTON 

,/ ;(\ 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the wair effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change In order to expedite general distribution. 



i.s.J, ^ NACA LIBRAJRY 

j, 2,''f, f- L - .506 LANGLEY MEMORIAL AERONAUTICAL' 

I, } . ;i. -u. LABORATORY 
,M I f, S , .V" Langley Field, Vai 



1176 01363 9613 



KAIIOBAL AI77IS0BT COHMITTEB POB AEBOKAUTICS 



AD7AHCB -BESTRICTE]} BJSFORZ 



YIITD-TTlS-inSXi IjmiBTiaATIOH 07 A VULL-SFAiT SITBAGZABLI . 
TLAF I2r COKBTZTATIOS WfTH TULL-SFAH FLAIV AHD 
IiriEBirALIiT BAXiAITCEI) AILEBOiirS -OV A TAFEB3D 
By I*, M. Bogallo. JShn G, Lowry, and Jack Tlachel 



SUMKABT 



An 1 live Btl gat ion vae. made, in the LKAL 7- by lO-f-oot 
tunnel of a 20>.per cent-chbrd full-span retTacta^-lv flap In 
cois'blnat len with S-percent-chord full-Bpan plain and in- 
ternally balanced ai'lflrons on a Bemispan model jof the ta- 
pered wing of a typical fighter airplane. The fu-ll-epan 
flap fits Into a cut-out ahead of the aileron to conform 
to the original wing contour when in the retracted posi- 
tion and noves dowii and back to Its axtende-d position. 
Increments of caxlmum lift coefficient of approziiaately 
1.3 and 1.5 were obtained from the full-spaa, flap- at- de- 
flecStlona of 30° and 50*', respectively. Th-e- aileron ©f- 
fectlTeness for a deflec1;iorn range of ±19° is thought to 
ce adequate in the f lap-Tetracted condition. With the 
flap fully extended, the nileron effectiveness was about 
50 percent greater ti\an with the flap retracted. A re- 
duction of aileron effectiveness of approximately 40 per- 
cent relative to the aileron effectiveness with the flap 
retracted appeared unavoidable at certain intermediate 
'flap positions. The Internal balance reduced the esti- 
mated aileron stick forces to acceptable values for all 
flap positions and defloctions along a selectod path. 

INTBOSUCTIOIT 



One of* the problems arising from the increased speed 
and wing loading of modern airplanes is the difficulty of 
obtaining high lifts for landing and take-off without im- 
pairing lateral control. In order to obtaiit solutions to 
this problem,, the NACA is investigating, on a semlspan 
model of the tapered wing of a modern fighter airplane, 
Literal-control devices that appear promising from previ- 
ous wind— tunnel tests. 
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The present teats of an 8-peroent-chord full-span ai- 
leron on a tapered ving with a full-span tetracta'ble flap 
may be considered an extension of the work reported in 
references 1 and 2. Ihe object of the wind-tunnel tests 
was to determine the lift characteristics and the aileron- 
control characteristics for various positions and deflec- 
tions of the flap. Most of the tests- were made with a 
sealed Internally balanced aileron with small overhang In 
order to obtain data over a large aileron deflection rango; 
with the flap retracted, comparative teats were made of the 
aileron with the seal removed. She results indicated that 
an aileron deflection of ±15° would provide adequate rate 
of roll if the aileron were s-ealed; "t'ha sealed Internal 
balance was therefore increased to the maximum overhang 
permissible with an aileron doflaotlon of ±15°. Vith ^the 
large Internal balance, tests were mads to determine the 
hinge-moment characteristics of the aileron with the flap 
retracted. Some additional tests were made with the flap 
extended, primarily to obtain lift and rolling-moment 
data at angles of attack or flap positions not investigat- 
ed with the small overhang. 

Tho atick forcoa and tho ratea of roll were estimated 
for an airplane with ±15 aileron linkage for several flap 
positions along a sdlected flap path. With the flap fully 
externdcd, two arrangements of tho flap and aileron were 
Invoatigated; one of those arrangements retained tJie ±15° 
aileron linkage, but the other required a differential 
linkage . 

APPARATUS AND METHODS 



A somispan wing model was mounted in the LMAL 7- by 
10-foot tunnel (reference 3) ae shown schematically in 
figure 1. The root chord of the model was adjacent to one 
of the vertical walls of the tunnel, the vertical wall 
thereby serving as a reflection plane. The flow over a 
eemispan in this sotup is essentially the same as It would 
be over a complete wing in a 7- by 20-foot tunnel. Al- 
though a very small clearance was maintained bistween the 
root chord of tha model and the tunnel wall, no part of 
the model was fp.stencd to or in contact with the t.unnejl 
wall. The model was supported entirely by the balance 
frame, as shown in figure 1, In such a way that the magni- 
tude of all the forces end moments acting on it could be 
determined. Provisions were made for changing the angle 
of attack whilo the tunnel was in operation. 
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The aileron def lee-tl.ons and hinge-. moment-B were deter- 
mined 'by meanr of a- call1»rat8d. 1;.orq.tie.-.rod and linkage ^ayg- 
t^tt. .dev-eXoped aspeolally: for. thl>B type of .fietup . ( f ig.. 3). 
fChe aileron was .def looted "by- turning the hinge-moment dtal 
whloh, through the torque rod, drove the .ailer.on-defleotlon 
drive tuhe and the link to the aileron horn. When the de- 
VB sired- aileron deflection had heen attalped, the torque rod 

was damped In position In order th&t. all wing forces and 
^ moments obuld he determined without any interference from 

' the operator of the h,lnge-moment unit. The aileron de- 

^ flection yas determined hy the reading of the aileron- 

deflection dial with r&speot to the pointer attached to 
the. angle-of-attack drive tuhe. The aileron hinge moments 
were determined from the twist of the torque rod as indi- 
cated hy the reading of the hinge-mo.men-t -dial with re- 
spect to the pointer mentioned. The torque rod was call- 
hrated after It was Installed in the test setup. 

The tapored wing model used in these tests was liuilt 
to the plan form shown In figure 3 and represents the 
cross-hatched portion of the airplane shown in figure 4. 
The haslc airfoil seg^ions were of the ITACA 830 series ta- 
pering in thickness from approximately 15^ percent -at the 
root -to 8^ percent at the tip. The "basic chord dx of 
the w],ng model was Increased 0.3 -inch to reduce the trail- 
ing edge thickness and the last few stations were refalred 
to give a smooth contour. The airfoil ordinates are given 
in tahle I. 

The full-span retractaTsle flap was "built to the ordi- 
nates of Ijahle II and had a chord of about 20.7 percent of 
the wing chord. The flap could be pivoted about its nose 
at the positions shoVn by the grid In figure 5. The posi- 
tions shown in this figure will be indicated hereinafter 
by a letter and a i^umber, as follows: A-1 , B-3, and so 
forth, where the letter shows the chordwlse flap position 
and. the number, the vertical gap in percentage wing chord. 
The retracted flap was assumed to be at sero deflection. 
The 8-percent-chord aileron had provisions for sealing and 
changing the balance. A balance plate, which was tapered 
along the span of the aileron to give the maximum overhang 
with the required deflection, was attached to the aileron 
nose. -The balance chord is defined as the distance from 
the aileron hinge axis to the midpoint of the seal. The 
trailing edge of the curtain was moved rearward for the 
large-balance condition to improve the balance effeetiv.e- 
ness. This effect is discussed in reference 4. 
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Series of teste In vhloh the angle-of^attaek and ai- 
leron deflection ware varied over the useful ranges were 
made for fflan7 flap positions and deflections. These flap 
positions were taken on both sides of a path that ajppeared 
promlslns from the results of reference 5. 

All tests with the flap retracted were made at a dy- 
namic pressure of 16.37- poUnd^s per square foa-t, whlcl^ 
corresponds to a Telocity of ahout 80 miles per hour, and 
to a test Reynolds numher of ahout. 2,050,0.00, hased on 
the mean aerodynamic chord of 33.66 In-chee. !I!he tests 
with the flap deflected were run at a dynamic pressure of 
9.21 pounds per square foot, which corresponds to a ve- 
locity of ahout 60 miles per hour and to a test fieyaolds 
num'l>er of ahout 1,540,000. The tests were made at low 
values of Haoh and Reynolds numbers and at high turbulence 
relative to flight conditions (turbulence factor = 1.6). 
The effects of these variables were not determined or es- 
tlmailred. 



The symbols used In the ■ presentatl on of results are: 



BE5ULTS AND DISCUSSION 



Symbols 



0 




m 



lift coefficient (L/qS) 
uncorrected drag coefficient (D/qS) 
pltchlng-moment coefficient (M/qSc') 




uncorrected rolling-moment coefficient 



yawing-moment coefficient (H'/qbS) 

aileron hinge-moment coefficient (^a/^^a^a^^ 

C]j^ of up aileron minus Cj^ of down aileron 



rolling-moment coefficient fL'/qbS) 



c 



actual wing chord at any spanwise location with 
flaps retracted 



chord of basic airfoil section at a-ny spanwise 
location 



c' 



mean aerodynamic chord 



allaron chord measured along alrf oll-eliord line 
from hinge axis of aileron to trailing edge of 
airfoil 

aileron "balance cboxd measured from aileron hinge 
axis to the midpoint of the seal 

root-mean- square chx>rd of the aileron 

root-mean- square chord* of aileron balance 

"baianeo ratio 



tvlce span of somlspan model 
aileron span 

twice area of semlspan model 
tvlce lift on semlspan model 
tvlce drag on semlspan model 

twice pitching moment of semlspan model about sup- 
port axis- ( 0.24c) 

rolll&g moment, duo to aileron deflection-, about 
wind axis in j)lano of symmetry 

Y&Ming moment, due to aileron deflection, about wind 
&xia in piano of symmetry 

aileron moment about hinge axis- 



for blocking 
free-stream velocity 

true airspeed at zero altitude, miles per hour 



dynamic pressure of air stream 
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a - angle of attack 

8^ aileron deflection relative to ving, positive when 
trailing edge is down (the notation it with 8a 
IndlcateB that "both ailorona are eimultaneouBly 
deflected* one up and the other down) 

8f flap deflection relative to flap-retracted position, 
positive when trailing edge is down 

C^' rate of change of rolling-moment coefficient C^' 
^ with helix angle ph/2T 

p rate of roll 

7g stick force 

6g control-stick deflection 

A positive value of L' or Cj' corresponds to a 
decrease in lift of the model, and a positive value of V 
or Cq' corresponds to an increase in drag of. the model-. 
Twice the actual lift, drag, pitching moment, area, and 
span of the model were- used in the computation of the re- 
sults, "because the model represented half of a complete 
wing. She angle of attack, the drag coefficient, the 
rolling-moment coefficient, and the yawing-moment coeffi- 
cient have heen corrected for the effect of the tunnel 
walls in accordance with the theory of trailing vortex im- 
ages. No corrections have heen applied to the hinge-moment 
coef f loiept 8, and no corrections have heen applied to any 
of the results for the effects of the support strut, the 
hlocking effect of the wing, the small gap between the 
wing and the wall, the leakage through the wall around the 
support tuhe, 'or the boundary -layer at the wall. Xhe drag 
Values are believed to he comparative and not directly ap- 
pll^oahle to performance estimations. 

The over-all corrections applied (hy addition) to the 
angle of attack (in deg), to the drag coefficient, and to 
the rolling- and yawlng-moment coefficients were: 

6 a = 1.3 Cj; 

aOj) = 0.023 

ACj' = -0.26 Ci'^ 

AC^' = -0.061 Cj'^ Cl 
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Lift, Drag., and Pltchling-Noment- Coef ft'cl,ent8 

She reeiilta Indicate that at all flap positions' Ikves- 
tlgatadr' even, at negative flap defleotlonai the maximum - 
lift- doef flcletit wbe apprx)xl]aatel3r as high or higher than 
that obtained with the flap retracted (figs. 6 to IS) • A 
progressive increase of the lift, the dragi and the neg- 
ative pltohing-mome.nt, .coefficients was obtained as the 
flap was deflected positively or moved rearward.. The ef- 
fect of the vertical position of the fully extended flap 
on the maximum lift coefficient is shown in figure 12(a; . 
7or any given flap deflection, with aileron neutral, 

'Gt^ Increased as the gap decreased within the test 

max 

range. Vlth the flap deflected 30° at position L-3 and 

the aileron neutral, an increment of Ql... ^'^^ flap 

"max 

deflection of approximately 1.3 was obtained (fig. 12(a)}. 

An additional increase in Ct, was obtained by drooping 

"max 

the ailergn; with the flap deflected 50° and the aileron 
drooped 5 , an increment of approximately 1.5 in ^L^j^jj 

was obtained (fig. 12(b)). These values of ACl^ are 

max 

slightly higher than those reported in reference 1 for 
somewhat similar arrangements in two-dimensional flow and 
may bo attributed, in the* present Investigation,- to the 
Incrdased thlokne.s8 and camber of the flap. 

Some disagreement will be n9ted between results of 
the original and the check tests for the various charac- 
teristics with 30° flap deflection at L_3 (fig. 12(a)). 
The cheolc test was made several weeks after the orlgl-nal 
test and small discrepancies may have existed In the ailer- 
on or flap setting for the two tests. 

A comparison of the results, of tests of various ar- 
rangements of high-lift and lateral-control devices on 
the same basic wl;ig' model, .(fig.. 13) Indlxsatds that the 
^Ot- of the present arrangement is about 0.5 higher 
■^max 

than that of the duplex flap (oiefe'rence 5). and about 0.4 
higher than that of the full~.Bpan slotted flap (reference 
6) and that the drag coefficient of t.he present arrange-, 
ment Is., in general, lower at any given lift 'coefficient . 

She variation of maximum pltching-mom.ent coefficient 
with maximum lift coefficient for several flap arrange- 
ments is. presented in figure 14. Tlie vjEirleition .is al.mo.st 
independent of fl'ap arrangeme'nt and the full- span flap 
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reported herein baa higher raluee bf ^mgi^jc 

other arrangements only In the range of higher ^L]aa,x* 

The loBB of airplane lift coefficient required to trim the 
vlng pltehing-ffloment coefficient le given "by the expres- 
sion 

G 

Loss of Ol = ^ 



tall length 

Curves of loss of Gj, for tall lengths of 3.5 and 5 wing- 
chord lengths are presented In figure 14. The net gain 

In airplane Cr resulting from use of the retractable 

''max 

flap is over 80 percent of the gain In ''Lj^^^^ °^ wing 

alone for a tall length of 2.5 c*. The percentage gain 
would, of course, Increase with the tall length. 

As the Beynolds numher Is- Increased to full scalp, 

the values of Ct 'will he expected to Increase and the 

■^max 

Increments of Oj^ due to the flaps may change he cause 

of a change In the progression and position of the. stall. 
The effects of the tunnel boundaries and of scale upon 
the s.tall of the wing were not Investigated. 



Holllng-, Tawing-, and Elnge-Moment Coefficients* 

Jlap retracted .- The results of the aileron investi- 
gation with the flap retracted are presented in figure 15. 
The variation of rolling-, yawing-, and hinge-moment co- 
efficients with aileron deflection appears approximately 
linear for the range of = ±15^. A comparison of figure 

15(a) with figure 15(l)) indicates that sealing the aileron 
gap increased the rolling-moment coefficient approximately 
SO percent for aileron deflections of ±1-5° and approximate- 
ly 5_percent for aileron deflections of ±30° Por the 
O.SOcq balance, gap sealed, the aileron effectiveness was 

adequate for 8^ = ±15° (estimated to give a value of 
pb/2T of 0.09,. as will be diecussed subsequently). In or- 
der, however, to reduce the values of the hlngo-mpment 
coefficient, the balance was Increased to O.SS'Cg^ (fig. 
15(c)). A deflection range of ±15° was obtained with this 
aileron balance before tasting but, because of the dis- 
tortion of the aileron under aerodynamic loads, the lead- 
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In^ odLge of ti\e 'b&lqjtc^' ?plate .&aii0 In contact vl.th the re- 
tracted, f^lap .x^en t'li^e .al24U:aiL V&b deJFlected ab^ut -11°'. 
iho. hlng.e-<niomejit. coAf^lQleuftf for nagatiire aileron- dOr- 
fl^At lone. ..'bey oild >0,6^ varo tih.eTef'o'r0.-;ii^t usad and extrapo- 
l^t^lfln. of h£n^e-vioiD.»ttt o.v^^es to .-l'6°-',vaa reqalrbd 
.for poa.pu.tatlon of the esttAated •tick iofoes. The ad-l- 
ib.! oa of- halaa^id tQ .^]ie' SMlad al.leron, appearad to have 
lltti.-»i .or- no . Wf f e«t- <on the^ rolllag-nomeat d.o«f f lolent . 

^.ealtng, t^a-.,gAP decreased, thq hlnge-nomeint .ooefflalent 
.%n addition t-d inorei^Lelng 'tWro-lllng-mQmB&t, coafflclen't 
avaXlah.le. lor ' ^' a, ±15°. "w>d ,*30°, tha r^dTiotlon In Ihe 

htnge- movant •coeffl'clBnt- was (approximately -21 percent and 
11 "percent-, reepeet^jtraa-y. Vbe addition of- -halemee t-b the 
sealed aileron cau'sed a further reduot-lon of approximate'-- 
I7 50 percent in hlnge-iooment 'coef f Icieh't for '5^ = ±1B° 
near sero an^le of attacks .This effect' of 'balance on 
hinge-moment coef flcloht-. is ind-ieated in figure 1.6. where 
the values of 6h and Gjx.' ■ aye compared for the' three 

amounts of aileron "balfiaee- used. Values of Gj]^ were es- 
timated- for the tt Tang«-B- of -ap-prcxlmately -4° to 4° and 
9° .to. 17° with aileron neutral, yalues of C^g were 

ostimfited f or the allaro'ir rtinge pf approxljaately ' 5° to -5° 
at angles ot attack' of 0'.1° and 1.313°;' The - effective 'baJL- 
an-'cd of -the unseaidd: aileron' 'yas assumed to be- ono-]^lf 
the thlokhe'ss of the airfoil at the hinge ax^s^^as' was 
done- in reference 7), and was found to %e ' 0^1 53*0^ . A^s^ an- 

tlclp.atod," both t'he aoftllng of tha gftp'and' t-he addit...on 
o'i balance decreased the^ negative' values of Cj^g and 

a 

Cli^ in .'both the b.leli--l"lf t and the high-speed range. The 

Talues ot hoth parameters wero greater nsg^.t-lvely in ^the- 
high'ijlift range -than in- the"high-'speed- range. The hin^- 
moment .data ohtalnod In'the present investigation wero 
only Inel'd-ental- 1 6 .the high-lift ahd roiling-momont data 
sought and liher ■l.eakage past the seals -Was not experimen- 
tally chocked;'' the results, however, Ihdloate approximate- 
ly the variation- o-f- hinge t moment -alop'es with balance ratio 
expected for the ecrrangemant tested. 

ria-p extended ',- 'Tine ; value of the rolling-moment coef- 
ficient- .^g^vallable with sealed ai},eron deflect Ions, of -±15° , 
at .the various flap positions investigated, are presented 
in figure If. ' The ' range 1 Hras ohpden 'because it yas 
thought that suffldient rolling Effectiveness could lie o'b- 
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talned In- this range. _ Vhere slml^lar result s were avail- 
able,, aa for the O.SOcg^ and 0.560^ balance, average valuee 
are given. Boiling-, yawing-, and- hinge-moment data for 
all the positions Investigated are available but arer.not 
presented herein. Figure 17 Indicates tJiat tlie' oherdwlse 
position of the flap nose, the flap-no ae ,gep^ and the de- 
flectlon of the flap Influence the values - of trhe rolling- 
moment coefficient. When tlie flap attained a .positive; 
deflection of '30° or greater near the fully extended posi- 
tion, the aileron' effectiveness Increased and was consid- 
erably higher than when- the flap was retracted. A reduc- 
tion In the available rolling-moment coefficient appeared 
unavoidable for some Intermediate positions. This effect 
Is, In general, similar to that encountered with the du- 
plex flap arrangement (reference 5). TChe results Indicated v 
that the flap should be extended over moat of Its path at ^ 
negative doflectlons; whereas, the flap of the duplex ar- ^ 
rangemont of reference 5 was extended. at positive deflec- i 
tlons. In the present arrangement, the flap-extended posl- 
tlon was at the wing trailing edge, whereas the flap- 
extended position of the duplex .arrangement was several 
percent ahead of the wing trailing edge. 

7alrly complete aileron data are presented (figs. 18 
to 48) and show that the rolling- and hinge-moment coeffi- 
cients ^re. generally nonlinear with aileron deflection 
and vary vlth. angle of attack, ^s previously indicated, 
a reduction of available rolling-moment coefficient was 
obtained, at some intermediate flap positions, and this re- 
duction appeared greatest at flap deflections near 0°. 
Vlth the flap in position L-3, 6f = 30°, and an aileron 
deflection of ±15°, a value of Cj' of 0.070 at a « 13.8° 
was obtained (figs. 45 and 48), which was approximately 60 
percent greater than was available with the flap retracted. 
With the flap in position L-2', 6f ^ 50°, tlie maximum 

lift was obtained with the aileron drooped 5° (fig. 12(b)). 
A reduction of rolling moment Coefficient, obtained when 
the aileron was deflected more than 10° (fig. 46), indi- 
cated that the best lateral control for this flap position 
would be obtained by only a siaall positive and a large 
negative aileron deflection from the neutral position, 

- 5°. Thus, the aileron and stick-force characteriatica 

were estimated for an airplane with the flap in the two 
following extended positions: L-3, 8f = 30° with an 
oq^ual up-and-down control system that would allow an ai- 
leron deflection of ±15°; and L-2. 6f » 50^, 6^ 5 
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with two differential- cbntrol -Byetems that would allow 
only a 5 poBltl-ve aileron deflection..* 

- - Vltb the flap la: the 'full 7 extended position (L)', the 
aileron oharaoterl Btlca of the present arrangement are 
similar to those of the slot-llp arrangembnt with the flap 
extended (referenoes B and 9)- and show the same Inereastis 
In effectiveness with .flap defleotlvn as were shown "bj 
.the Blot-llp alleroA. 

In general, w4.th the flap In positions back of th9 
aileron hinge axis, there was an Increase In rolllng- 
mrment coefficient avallahle and a notlceahle Increase In 
the slope of the hlnge-pomisnt-coef f Iclent .curve as the 
flap deflection Increased. Also, as the. flap was moved 
rearward the aileron floating angle hecame Increasingly 
negative. As previously discussed for the flap-retracted 
condition, the addition of "balance reduced the sealed ai- 
leron hinge-moment slope with flap extend.ed. (See fig's. 
35 and 37 or- 45 and 48.) It is indicated in .figures 45 
and 48 that the addition- of balance to the sealed aileron 
reduced the -hiiige-momant coefficient for 6„ = ±15° ap- 
proximately 13 percent for flap position L-3, 6^ .= 30°. 
However, the reduction ip hinge-moment coefficient was 
great.er with. the. flap rejbracted than, with the flap fully 
extended, possibl-y because the flap, when retracted, acted 
as a curtain over the allaron balance and, when extended, 
completely exposed the aileron balance. 



Estimated Airplane Charactori sties 

.V 

Trom the data presented in the curves, a flap path 
was seloctod (fig. 4.9} and some of the charactori'Btlos of 
tho airplane shown In figure 4 were estimated. These air- 
piano charactaristies are presented in figures. 50 to 59 
and indicate- the- result B tha.t may be expected with tho 
flap In vax'louB positions on tho. selected flap path. 

Tho ratoB of roll woro ostlmatod by moana of the re- 
lation ship 

Si-^i!- (1) 

27 Oj.p 

whore tho ccofflcjLent of damping in roll ^I'p tak«n 
as 0.46 from the data of refenence 10. Vlng twist has beei 
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neglected and It vaa asBumed that yavlng aoment would 'he 
counteracted 1)7 the rudder. 

She stick forodB were estimated from the relatlonshlip 

I. o 45.8 ^ (a) 



for the equal up-and-dbvn aileron deflection and 
5- = ±15°; and from the relationship 



* Ot. L ^up V.de-'' ^down \d.bJ J 

"up "down ^ 

\> 

for the differential control systems of 3:1 and, 2:1, as V) 
presented for the flap-extended position L-.2, ft^ s 50°, ^ 
6q^ « 5°. These relationships may he derived from' the ai- 
leron dimensions and the following airplane characteris- 
tics: 

Wing area, square feet .• . . 260 

Span, feet . . . ' 38 

laper. ratio . ' 1.67:1 

Airfoil section - ITACA 230 series 

Mean aerodynamic -chord. Inches .- 84.14 

Weight, pounds 7063 

Wing loading, pounds per square foot 27.2 

Stick length, feet . " .' , 2 

Maximum stick deflection, degrees ±21 

Naxl.mum^a Heron deflection, degrees 

-0.l63ca 'balance ■ . 1 '. . . . . '±15 

O.Sb'Oc^ "balantte- r . . . . ±15 

.O.-.BQCg^ halance ' -. ±15 

3.1 differential coatrol (from an Initial 

5° droop) '. 5,-15 

2:1 differential control (from an Initial 

6° droop) , . . . . 5,-10 



The values of the constants In equations (2) and (3) 
are dependent upon the wing leading, the else of the ai- 
lerons, and the stick length; the constant In equation 
(2) depends^ In addition, on the deflection of the ailer- 
ons relative to the stick. .A factor of 0.805, moreover. 
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la Included %n the conetan^B to -corre-ct for that part of 
the wlpg and aileron that le Included In, the fuaelage and 
which, therefore, provides neither later'a), control, nor. ' 
stick -force. She Iobb- In aileron eff eotlTeness from t hie 
area ie negligi'ble (reference ll). Incidentally, ' in a 
tvln-englne airplane, the aileron would not he installed 
Inhoard of the nacelles. The values of Cj' and ' 9h 
us&d in equations (l), (2). and (3.) are the values thought 
to exist- during steady rolling; ' t]he dif f erence ■ in angl'e 
of attack of the two ailerons due to rolling has "been' 
taken into account. 

The estimated lateral-control characteristics and the 
corrospohdlhg stick forces for the airplane ,' with the flap 
following -a selected path to its extended position, are 
presented in figure 50 for the 0.300*^^ sealed aileron at 
several velocities and" attitudes. A value of p"b/2T less 
then 0.07, the minimum required (reference lO), Is Indi- 
cated at several flap positions. A reduction of 'aileron 
ef f ectl vene-ss, as compared to that for the flap-retracted 
condition, is observed as the flap i's extended and a con- 
aiderahle l-ncrease in ef f ee'tlyene bb is obta.lned with the 
flap near or at its fully extended positlcn* From figure 
50, it is apparent that the reduction of aileron effec- 
tiveness is approximately 34' percent at position B-4, 
Sf = -10°; hut t-he maximum reduction occurs at or near 
position 1-6 when the flap passes through 0 , as men- 
tioned previously, and results in a Iobb of effectiveness 
amounting to approximately 40 percent with ph/SV => 0.054. 
The reduction varies with velocity,, flap deflection, and 
flap pat.h. Because the 'flap, would normally he in these 
Intermediate posltlona for a relatively short period of 
flight, that Is, during retraction or extension, a rela- 
tively low aileron effectiveness may he aec^ptahle. At 
the fully* extended flap position, the arileron effective- 
ness improves conslderahly , as is shown In figure '50, 
w^th very little- Increase in stick force. 

The relatively linear variation of stick force with 
aileron effectiveness ph/2T for the flap-retracted con- 
dition with the three amounts of aileron Valance tested 
is indicated hy figure 51 at several velocities. Sealing 
the gap Increased the maximum value of pb/27 hy approxi- 
mately 20 percent and reduced the stick force approoElmate- 
ly 33 percent for full stick deflection. Adding tbe hal- 
ance. had no effect on ph/ST of the sealed aileron hut- 
reduced the stick force approximately 50 percent for full 
stick deflection at high speed. Vith the ailerons sealed. 
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tlie ayailable pb/2T for fi^ « «15° vaa greater than the 
minimum rei^uireA; whereas, with the unsealed, ailerons this 
ef f edtlveness was not provided at all velooltles. She al-r 
leron oharaoterlstlcs for the ;alrplane with the 0.560q 

"balanced aileron and the flap In seTepal extended posi- 
tions are presented In figure 53 and show the effect of 
this "balance as compared with the O.SOcg^ "balance on stick 
forces and aileron effectiveness. SJie aileron effeetlve- 
nesB for flap position 1-6. a -10° represents the 

most unsatisfactory condition Investigated near the se- 
lected path and Indicates a plj/ST of 0.05 at Vi s 101 
miles per hour. This low value n&y he Increased somewhat 
137 using a different flap deflection ^t this position. 

■In the flap-extended poeitioni the . necessity of a 
differential control for the aileron is Indicated with 
flap at L-2, s 50°, 6a ^° * "because of a change in 

slope of rolling-moment coefficients at deflections heyond 
8a = 10°. Iwo differential systems were therefore 'devised 
as follows: a 3:1 differential that gave aileron deflec- 
tions (from the initial 5 droop) of 6 down, 15° up; and 
a 2:1 differential that gave aileron deflections of 5° 
down, 10° up. She mechanical characteristics of these 
differentials ar? given in figures 53 to 57. Because the 
aerodynamic stick force's (figs. 58 and 59} ohtalned for 
"both differential systems were negative, springs were re- 
quired to provlde positive forces. The' aileron effective- 
ness appeared to "be adequate for "both proposed systems 
and. In all attitudes, was greater than that o"btalned In 
the flap-retracted condition. 

Several aileron and flap arrangements Jiave "been test- 
ed on the wing model of the present investigation J(refer- 
ences 5 and. 6). ^he lift, drag, and pltchlng-moment char- 
acteristics of the several arrangements are compared in 
figures 13 and 14. Sstimated rates of roll for the sever- 
al- arrangements (arrangeme-nts 1 to lO) a-re compared In 
figure 60.(a), In which it may he seen that the present 
arrangement and the plug aileron gave much higher rates 
of roll with flap deflected than with, flap neutral. In 
"both conditions the .plug aileron had a much lower avall- 
a"ble rate of roll than the present arrangement, "but this 
deficiency of the plug aileron could be remedied hy in- 
creasing its size. (See rvaf&rence 6,) Vlth regard to 
rolling effectiveness and. stick forces., it appears that 
all the arrangements considered could he made satisfactory. 
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The variation of Cj^'/Ci* vltb- Oj, of the eeveral 
arrangement B vae eB8entlail7 the same (fig.. 60('b)), "but 
the Oji'/^'^l' ^'^y given value of Oj, differed vldely- 

anpng tbe several, arr.anffaaente; Ihe plug. alleroB gave, the 
l-owe»t values of adviaree Cq'/Oi.' an^. vltfa all the ar- 
rangement's, the advdrse -Oq'/^I* muph lover .vlth 
flaps' do.vn than Vlth flap« neutral at any partioular lift 
eoeffialent. If drooped ailerons are usedt hovever, high 
adv&rse On*/^.l'' may' he ezp^Qted, as is Indioa^ed by the 

single point ohtained- from, arrangement .4. Xhe effect of 
yaving moment on aileron obntroi is treated analytically 
in reference 12. High yavlng-moment ratios of either 
sigji should he avoided if possihle, - and flight tests may 
indicate the desirability of modifying all the arrange- 
ments except the plug aileron to reduce the adverse 
Oa'/0;» at high Oj, 

COVCLUSIOVS 



1. The results of thlQ investigation of a full-span 
retractable flap 1^ combination vlth a. full-span aileron 
indicate that an Increment, qf paximum lift coeffldlent of 
1.3 may be attained by deflecting the full-span flap 30° 
vlth- -the flap nose about 3 •percent belov the trailing edgb 
of the ving. This increment waa increased to 1.6 by in- 
creasing- the flap deflection and drooping the aileron. 
She pitchlng-moment ooefficie&t obtained at any given 
lift ooofficlent with the flap extended was approxln^tely 
the same as that of other partial and fuller spftn flap ar- 
rangements tested in the same ving. 

2. The estimated ailor-on of f ectiveness vas adeq.uate 
in the flap-retracted condition and vas increased by about 
50 percent vhen the flap vas extended. A. reduction of ai- 
leron effectiveness of approximately 40 percent relative 
t.o- the^flap-retracted condition appears- unavoidable at 
some intermediate flap positions. An internal baClance re- 
duced the estimated stick .foroes to acceptable values for 
all flap positions and deflections along a -seledted path. 

3. It is indicated by the estimated rates of roll 
and -the stick forces that the ving arrangement' tested vould 
provide satisfactory lateral control on the assumed fighter 
airplane. 

Langley Memorial Aeronautical Laboratory, 

Vational Advisory Committee for Aeronautics, 
Langley Tield. Va. 
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TABLE I 

OEDZHATXS TOE AIBTOIL 

ESpanvlee atatlons in. Inches from root section. Chord 
slfatlons and ordlnates in pereent of haslo ving -eliord. Cx] 




Model wing, station 0 



Station 


Upper 
surface 


Lover 
surface 


0 


0 


0 


1.25. 


3.48 


-1.60 


2.5 


4.61 


-2.36 


5 


6.10 


-3.21 


.7.5 


7.14 


-3.82 


10 


7.89 


-4.33 


16 


8.80 


-5.12 


20 


9.22 


-5.71 


25 


9.40 


-6.10 


30 


9.37 


-6.28 


40 


8.90 


-6.23 


50 


8.02 


-6.78 


60 


6.85 


-6.06 


70 


5.44 


-4.10 


80 


3.87 


-2.97 


90 


2.12 


-1.67 


■ 95 


1.16 


-.94 


100 


.18 


-.16 


100.73 


.03 


-.03 



L.B. radius: 2.65. Slope 
of radius through end of 
chord: 0.305 



Model ving station 88.8 


Station 


Upper 
surface 


Lower 

.surface 


0 


0 


0 


1.25 


1 .89 


-.84 


2.5 


2.65 


-1.07 


5 


3.70 


-1.26 


7.5 


4.45 


-1.40 


10 


4.98 


-1.52 


15 


5.54' 


-1.86 


20 


5.73 


-2.22 


25 


6.77 


-2.46 


30 


6.71 


- *-2.62 


40 


5.36 


-2.70 


60 


4.78 


-2.56 


60 


4.06 


-2.27 


70 


3.21 


-1.87 


80 


2.26 


-1.36 


90 


1.22 


-.78 


95 


.70 


-.46 


100 


.18 


-.14 


101.2 


.05 


-.06 



L.]B. radius: 0.70. Slope 
of radius through end of 
chord: 0.305 
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XABU IX 
OBDZVAIXS rOB TULL-SPAJir FLAPS 

[SpanvlsB Btatlons In inoheB from, root seotibn. Ohord 
Btatlons and ordlnatas in peroent «f baB-lo vlng chord. 



'lap at at 1 on B 



Model vlng station- 0 



Station 


Upper 
surface 


Lover 
surface 


0 . 


-1.29 


-1.29 


.52 


-.08 


-2.30 


1.04 


.-48 


-2.60 


2.07 


1.29 


-2.60 


4.15 


2.17 


-2.44 


6.32 


2.53 


-2.18 


8.29 


2.40 


-1.91 


13.44 


1.65 


-1.32 


16.58 


.86 


-.69 


20.72 


.03 


-.03 



L.Z. radius: 1.19 



Model ving station 88.8 



Station 


Upper 
surface 


■ Lower 
surface 


0 


-0.76 


-0.76 


.53 


.01 


-1.16 


1.06 


.36 


-1.23 


3.12 


.80 


-1.23 


4.24 


1.30 


-1.10 


6.36 


1.42 


-.99 


8.48 


1.36 


-.87 


12.72 


.93 


-.63 


16.96 


.61 


-.33 


21.20 


.05 


-.05 



L.I. radiu*: 0.32 



NACA 



Figs. 1; 3 
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Figure 3 - Jemispan model of tapered v\/Jng 



Wind 
direction 



Aileron-deflection dial 
Hinge -moment dial 




Figure 2. - Schematic diagram of the torque - rod assembly 
for measuring aileron hinge moments. 
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Figure 4. - Portion of aitplane simulated by mod^l. 
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'S. - Aileron details of model. 
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Figure 6.- Lift, drag, and pifchinq-nnomer)t coefficients of the 
tapered _ v/iriq model wnh ci full-spar) flap and fiilh 
span ^aileron. Hav refracted arid at chordwise posi- 
fhns A and B ; 5^ , 0? 
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(1 block = 10/32") 



Uncorrected 
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. Lift coefficient 

Figure 8 - Lift, drag and pitch ino-rfiomevt coeffic/zr)fs of the 
tapered v'/lmq mbdel with a full-spar) Hap ar^d a 
full-spcLT, a Iter or?. Hap at chord wise pbsltions 
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Figure 9.- Lift, drag, aiioL pitcfi'mq-momenf co&fficievfs of 
The tapered w'mq rnodzl mth a fall-spar, flap and a 
fu/Z-span a'lleroTY. Flap at chord w/^e position H &„,0\ 
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taperecC v/mq mdcLel y/ffh a fuli-spav flap and d 
full-span ai/eron. Flap at chord wfsz posifion J. 
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Figure II r Lift draq and pitchinq-momevt coefficienfs of 
'^A^^y^J'^/^f)' ^'^^ rnoctel-^wifh a full- span fla-p 



as 5 



r- 



Co o c-> 



2: 



Cb 



^3 

Go 



Angl(9 of attack ,oc ^deg 

Cb Q Q) Oi ^ 



Pitching -moment coefficient 




C> tj» 4v bi 0> 

Uncorrected drag coefficient , 



(1 block = 10/32") 



to 



NACA- 




Flgr. 12b 





24 - 










B 16 - 












8 - 


.Ho 




C3 










0 - 








y 




y 




-R - 



So 

o 

o 

*^ 

O 



0 



.8 



2.0 ^.4 



2.8 



L/fi coefficient, 
(b) Aileron dsrooTDecL, 
Figure /2 . - CoTncladed. 



Cl 



M 
o 
o 



KACA 



0 



-I 



Fig. l3 



Plain wing ' 
Retractable flap 
Retractable flap 
Retractable flap 
0.53 —span slotted flap 
Duplex flaps 7-6 -50° 



8a- 10' 



L-3-30° 
L-3'-40' 
L-^-SO" . _ « 

Sf'SO" (reference 5) _ 
^^.H'^. "^h^,'^^^y iO' • (references) 
Full -span slotted flap 8^=50' reference 6) 



Arrangement 

3 
4 

6 
7 



0 



.6 



/2. 



/6 



Lift coeffic/ent . Q 




2.0 2.4 Z6 3Z 



are /d. - Cornpar/^oj] of flm lift, draq, and pifchma- 
rwrnem coefficients for varfon^ arra.'riqemerifs 
of /i/qh-l/ff and lateral-control devfczs^ or) a. 



HACA 



Figs. 14,16 




■& I.S 1.6 

Maximum lift coefficient ,0^^ 

r^tS^irz M- -V(iri<Lficv of the ■ma.xiwu,Tn pitchmj-rnomenf coefficierrj- wi+h yno.%mu,-m 
fiff coefficicTif for va.riou,s arra-ngemer,U of />ijh-(iff and lafera.1- control ' 
ctei/ices or> a ta-pzredL modz/. 

.00 



0 



-.002 



-.004- 



'X 



-J>06 



-.003 

























































o 






















K 




































/3.i 




























t 






H 




























































13' 






















3 ■ 


















OC (d 
0.1 
13.3 


eg) 




























© 

A 









































.10 .20 ^0 .40 

Balance ratio j ft/ffa 



£0 



.60 



70 



.BO 



Figure 16.- Variation of C^^ and with aileron balance 

tapered -wing model with full -span f/aps retracted. 
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O Indicates figure in ivt)ich complete data appear 
* Indicates values obtained from cross - plots . 

Fig. 1 7(a 1c h). - Values of rolling -moment coefficient due to aileron deflections^ 
of t l5° at yarious flap positions and deflections.. Tapered wing model 
with a full-span flap, aileron-gap sealed. 
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Figure 17, -Concluded. 
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Figure 2.6.- RoJ//ng- yaw/ng-, and hinge-moment coefficients of 
tht tapered w/ng model with a full-sfion flap bnd a 
full-span sealed aileron. Flap position, D-&; balance 
Q30cg; oc, I3.S' (opprox.). > ) , 
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Fig. 27 
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F/gure 2.7.- /^o///ng- yow/ng-,and h/nge- moment coefficients of 
the tapered \Ning model with q full-span flap and 
a rull-3pQn sealed aileron. Flap position 0-6- 
balance, 0.305^; cTf-IS': ^ ^ i u o. 




Aileron deflection,6^^cfep 

F/gure 30.- Rp/Jing- \/aw//)g-, and hinge-moment coeff/c/cnts 
of the tapei^ed wmg model w/th a full-span flap 
and Q full-spon ^_eQ/ed aileron. F/ap positron 




Aileron deflect ion, 6^,cleg 
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NIeron deffection, 6^ ^ c^eg 

^'^idx'^^J?^" ?°'''''^T"',VQwing-,and hinqe-moment coefficients 
of the tape^^d winq^ model wit'h a full-span flan and 
oio eJPT.llS^'^'^ Sileron-Flap pobition^H""-^; bfilan^c% 
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Figure 57.- Rollinq-.yowinq-.Qnd hmqe -moment coefficient's 
of the tapered wmq /nodel wit^ a full-bpon flap and 
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Figure 36 - Rolling-,yaw]ng-,and hings -moment coefficients of 
the tapered wing model with a fu/hspan flap and a 
full-qpan sealed aileron. Flap position, J-3: balanr 
0.30 Ca] 0CJ3.8'. ' ' 
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Figure 39.- Rolling-, yawing-, and lo'mge-monnent coefficients of 
the tapered wins model witio a fall-^pan flap and a 
full-span sealed aileron. Flap position, J-S: balance 
0.30 Ca) ac, 13.8'. ^ > ^ 
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figure 40.-Rol/mg- yawing-, ond hinge-moment coefficients 
or the tapered wing model with q full-span flap 
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Fig. 41 
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Figure 4-1 Rolling-. yawing- and hinge -moment coefficients of the 
t^P^r.'^J ^ipgjmde/ Yiith gfull-^jian flap and q fuli_-^par 



sealed aileron. Flap position ,r-5 : balance ,0.30 S^. 
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- polling- >^Q.Wmg-, and hinge-moment coefficients 
OT the tapered wing model with a full- span flap 
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F'tgure 43.-Ro\ling-^yawmg-, Qnd hinge-momeht coefffc/ents of 
the tapered [^ing mode/ wiih a full-span flap an, 
a fill I -span sealed aileron. Flap posiiio/i K-4- 
balance ,0.30 c^l 40° ' 
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Figure 44. -RoWmg-MQwing-, and hinge -moment coefficients of the 
tapered wmg model with a full-span flap and a full- span 
sealed aileron. Flap position. L-i8 - balance, 0.30 c, • ccJ3.6' 
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Figure 45. -Rolling-, yawing and h/nge-tnoment coeff/cisnts of 
the tapered wing model with a full-spQn flop and 
o full-span sealed oil eroi/. Flap position^ Z.-3; 
foal once, 0.30 f^j oCj l3.3(Qpprox.]. 
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Figure 46.- Rolling- yawing-^and hinge-moment coefficients of the 
tapered wing model wifn a fuli-^jaan flap and a fall-span 
sealed aileron . Flap position, L-JS: balance , O.SO Ca ; 
e>f,30\ r r t , , a, 
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Figure 48. - Ro//fng-^ yawing-, and hinge-moment coefficients of 
the tapered, wing model with a full-sban f/a/o 
cind a full -span sealed aileron. Flato posit /on, 
L-3 ■ balance, 0.56 Co, ; 6^,30° ' ' ' 
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Figure ^0.- Estimated aileron -control characteristics of the airplane 
with tapered wings , full-span flaps , and full-span ailerons. 
Balance ^ 0.30 j gap sect led. 
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Figure 5! - £st/fnate.cf ai J ^ron- control characfeHst'tcs of the airplane 
with tapered wings, falh^n flaps rei-raci»4.,tind i^^/anc^d 
foll-SfKih Qi/crons /ink^d for a deflection ranyt of ± IS* 
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Figure 52.- E^t\mc>,i&<i a»»evon- con+rol chQrQcte<r\st\cs of tY^e 
airplane v^i+m tapevecJ wvng?,, full-spon retractable flaps., 
and balanced fui]-apan seoled a>leron^ Imted for de- 
flection v<3ir\ge of ±15° 
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Rsure S3.-Schemafic diagram of aileron linkage for equal ap and down 
deflections, ^amax > 




igurs £4.-Schematic diagram of 3:/ differential aileron linkage mth 
a 5' aileron droop. 6^^^^ ^ ^^5', 
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Figure 55.- Detail diagram of the differential linkage. 
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Figure 56.- Variation of aHeron ang/B and mechanical advantage, vvith stI&K 
dGf/&ctton. Aileron dtoopeol 5° */ith a 3-t tiifferenti<il ; &ajnax*^'-f-^- 
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Figure 57. -Variation of aileron angle and mechanical odvnntoge with stick 

deflecaon. Aileron olroope.d 5' wiil) a 2:1 differentiaf; S^. ^g^' *5',-/0' 
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Arrangement 

Type 

1 X plug 5 

2 + plug 5 

3 ^ plain 

'^ © plain 

5 D> plain 

6 plain 

7 O plain 

S A plain 

9 □ plain 

10 O plain 



Aileron 
Span Droop 
0.1(-5 b/2 

A5 b/2 

.40 b/2 

.40 b/2 

.40 b/2 

.40 b/2 
1.0 b/2 
1.0 b/2 
1.0 b/2 
1.0 b/2 



0» 

0» 

15" 

0" 
O" 
QO 

o<> 
5" 
5- 



Deflection 

36.6«,-50« 
36.6« -50« 

±i4o 

±14<> 

±l4o 

±14» 

±150 

±150 

5°, -15" 
5», -10» 



Type 

slotted 

Blotted 

Blotted 

slotted 

Blotted 

duplex 
retractable 1.0 
retractable 1.0 
retractable 1.0 
retractable 1.0 



Flap 
Span 

1.0 b/2 

1.0 b/2 
.58 b/2 
.58 b/2 

58 b/2 



1.0 



Deflection 

0» 

50» 

0" 

50« 
500 
50°, 40° 

retracted 
b/2 30° at L-3 
b/2 50» at L-2 
b/2 50» at L-2 



b/2 
b/2 



Reference 

6 
6 
5 

unoubllBhed 
5 

R 




Indicated 



250 



300 



150 200 
ve/oaty J V^-, mph 

(a") Variation of rolling effectivene-bs witln velocity. 

Fiq. GO(a, b.).-Compan'5)on of +he effect of a\leron deflect- 
ion on estimated airplane character^'bticb for sev- 
eral hiqh-lift and lateral- control arrariqennent^ on 
a tape/ed winc^ mocie\. 
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ArrangeBent 

Type 

1 ^ plug 5 

2 + plug 5 

3 plain 

@ plain 

I > plain 



I 
9 
10 



plain 
plain 
plain 
plain 
plain 



Aileron 
Span , Droop 



0.^5 b/2 
M b/2 
.40 b/2 
.40 b/2 
.40 b/2 
.40 b/2 
1,0 b/2 
1.0 b/2 
1.0 b/2 
1.0 19/2 



0« 
0» 
0« 

15* 
0» 
0* 
0» 

0» 

5» 
5» 



Deflecrion 
36.6»,-50» 

*i4« 
±14- 
*14» 
±14» 
±150 
±15« 

5», -15« 
5«. -10« 



Type 

■lotted 

slotted 
slotted 
•lotted 
■lotted 
duplex 
retractable 
retractable 
retracteble 
retractable 



Flap 
Span 

1.0 b/2 
1.0 b/2 
.58 b/2 
.58 b/2 
.58 b/2 
1.0 b/2 



1.0 
1.0 
1.0 
1.0 



Deflection 
0» 
50» 
0» 
50* 
50* 

50»,4o» 

b/2 retracted 
b/2 30" at L-3 
b/2 50» at L-2 
b/2 50* at L-2 



rig. 60b 
Reference 

6 
6 

5 

unpublished 

5 
5 




0 J ^ 12 W zo 
Lift coefficient ^Ci, 
Ci3). Variation of Cr;/C{ with . 
Figure 60- Concluded. 
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